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Tissue specific promoters 



The present invention relates to the field of gene technology, and in particular promoters 
driving gene expression during the development of xylem in any plant, and more specifically 
5 in the cambial region of a woody plant. The invention makes available such promoters and 
their practical use. 

Background of the invention 

Xylem formation in plants is an important process developmentally, it is also very important 
in the production of fibres that are of economic value. Wood formation in trees is an 
1 0 extremely important example of the process in economic terms. It is the result of a series of 
defined developmental events from the initial cell division, through cell expansion and 
secondary wall formation ending in a zone of apoptosis. Wood is produced from the vascular 
cambium which is a lateral meristem undergoing terminal differentiation ending in autolysis 
of the cell protoplast. 

15 The present inventors have in the studies leading to the present invention used Poplar that is a 
well-established model for woody perennials. It has a small genome, only about five times 
larger than Arabidopsis, and it is a species that is used extensively for forward genetics. 
Poplar and Arabidopsis are also phylogenetically closely related and access to over 100 000 
Poplar ESTs combined with the complete sequence of the Arabidopsis genome make the 

20 combination of these two models an excellent choice for studies of xylem differentiation. 

When and were a gene is active is important for its function. One level of regulation is the 
control of transcriptional initiation. The transcriptional expression of a gene is controlled by 
the cis-acting DNA elements located mainly (but not exclusively) upstream (5') of the coding 
sequence. When using gene technology and GMO (Genetically Modified Organisms) as tools 

25 in breeding and product development, there are two basic parts: the gene which gives the 
wanted effect; and the cis-acting DNA regulatory sequence which determines when, where 
and the level of gene product expressed. Regulation also occurs at levels such as transcript 
stability, translational -initiation and -progression, protein activity and so forth. There are 
genes that have promoters driving their expression during different and specific stages of 

30 xylem formation. These promoters will be essential in specifically directing the effect on any 
gene when genetically modifying xylem properties and altering the amount of xylem 
produced. The number of such promoters is limited which means that new ones will be of 
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great importance when tuning and fine tuning the expression of genes when studying and 
manipulating xylem formation. 

Modification of specific processes during cell development in higher species is of great 
commercial interest, not only when it comes to improving the properties of trees, but also in 
5 other plants whose fibres have commercial use. 

Prior art 

* Fredrik Sterky et al (Proc. Natl. Acad. ScL USA, 1998 (95), 13330-13335) and Magnus 

Hertzberg et al (Proc. Natl. Acad. Sci. USA 2001 (98) 14732-14737) have published the 
results of a large-scale gene discovery program in two poplar species, comprising 5,629 ESTs 

10 from the wood forming tissues of Populus tremula L. x tremuloides Michx. and Populns 
trichocarpa 'Trichobel.' These ESTs represented a total of 3,719 unique transcripts for the 
two cDNA libraries and putative functions could be assigned to 2,245 of these transcripts. The 
authors state that the EST data presented will be valuable in identifying genes involved in the 
formation of secondary xylem and phloem in plants, but fail to give clear directions as to how 

1 5 the identification could be performed. 

In the prior art (Hertzberg et al) transcript profiling of cDNA at defined stages of xylogenesis 
were performed using cDNA microarray analysis of a poplar unigene set of 2995 ESTs. 

However, in order to make possible the practical use of the information published by Sterky et 
al , and Hertzberg et al a new approach is needed. 

20 One problem remaining is how to identify the potentially most important genes and their 
corresponding promoters, and to relate these to specific developmental properties of the cell. 
* : One particular problem is to clone all relevant cis-acting transcriptional control elements so 

: • * : that the cloned DN A fragment drives transcription in the wanted specific expression pattern. 

: \ : A particular problem is to identify specific promoters, related to specific cell types, 

25 developmental stages and/or functions in the plant that are not expressed in other plant 
* e tissues. 

mm* 
* » 

: - . • . Summary of the invention 

The present invention offers a solution to the above problem by making available isolated 
nucleic acid sequences comprising a promoter sequence specifically expressed in the xylem 
30 forming tissue in a plant, chosen among SEQ ID NOs 1 through 5; sequences being 



functionally homologous to SEQ ID NOs 1 through 5; and sequences showing at least 90% 
homology to SEQ ID NOs 1 through 5. 

Further, the present invention makes available transgenic plants, methods for their production, 
and seeds and seedlings of such plants, as well as a method for expressing specific genes in 
the xylem of a plant, and nucleic acid constructs, as defined in the attached claims, 
incorporated herein by reference* 



The invention will be illustrated in closer detail in the following description, examples and 
drawings, in which: 

Figure 1 shows consensus sequences from the genome walk fragment, la) LMX2 
A014P10U; lb) LMX3 A044P26U; 1c) LMX4 A050P49U; Id) LMX5 A055P19U; le) 
LMP1 A001P79U, corresponding to the sequences SEQ ID NO 1 - 5. 
Underlined sequence = promoter sequence (part of the GUS construct) 



ATG (bold) = Potential translational start codon 

Figure 2 shows a cross section of a hybrid aspen stem, stained with Toulidin blue. The 
sample positions are indicated with black bars, below the cross section. 



Figure 4 shows the results from northern blot analysis of expression levels of the selected 
genes in different plant tissue: 1: Apical shoot: Top shoot tip of ~1 cm. . 2:Leaf veins:, The 
main veins were collected from old leaves. 3: Elongating stem: The internodes below the 
apical shoot, to the 8 th node of the stem. All leaves and buds were removed. 4:01d leafs: 
Healthy leaves more than 15 cm in size. The petiole and main veins were removed. 
5:ph)oem: 15 cm stem pieces were collected. These were used for phloem and xylem 
preparation by scraping the xylem and the inner-side of the bark. And. 6:Root: 2-3 cm apical 
part of root tips without any root hairs.7: Young leafs: Leaves less than 12 cm in size. The 
petiole and main veins were removed. 8:Xylem: tissue collected see 5, the wood side were 
scraped. 



Short description of the drawings 




Figure 3 shows the expression patterns for the 5 EST's from which the promoters have been 
cloned. This corresponds to the main expression caused by the respective promoters. 



Description 



In the description, the term xylem, as in xylem forming tissue, encompass all the vascular 
tissue through which most of the water and minerals of a plant are conducted. The principle 
conducting cells of the xylem are the tracheids and the vessel elements, or vessel elements. 
Both are elongated cells that have secondary walls and lack protoplasts at maturity. Xylem 
tissue also contains parenchyma cells that store various substances. Vascular cambium is 
meant to encompass the vascular meristem mother cells, the division of which produces 
secondary xylem and secondary phloem. Wood or wood forming cells are meant to 
encompass all cells whose metabolic events and processes are involved in the development of 
the vascular meristem and all of its end-products. 

"Complementary" in the context of this description refers to the capacity for precise pairing 
between two nucleotides. 

Further, in the context of the present invention, "hybridization" refers to hydrogen, bonding, 
which may be Watson-Crick, Hoogsteen or reverse Hoogsteen hydrogen bonding, between 
complementary nucleoside or nucleotide bases. Thus complementarity and hybridisation are 
terms used to indicate a sufficient degree of complementarity or precise pairing such that 
stable and specific binding occurs between the oligonucleotide and the DNA or RNA target. 

An antisense compound is specifically hybridisable when binding of the compound to the 
target DNA or RNA molecule interferes with the normal function of the target DNA or RNA 
to cause a loss of utility, and there is a sufficient degree of complementarity to avoid non- 
specific binding of the antisense compound to non-specific target sequences under conditions 
in which specific binding is desired. 

The phrase "hybridisation under stringent conditions" refers to criteria regarding temperature 
and buffers well known to those skilled in the art. See e.g. Sambrook, J., Fritsch, E.F. and 
Maniatis, T., Molecular cloning: A laboratory manual, 2nd Edition, Cold Spring Harbour 
Laboratory Press, USA (1989). 

"Functionally homologous" means sequences sharing perhaps a lower structural homology 
with the disclosed sequence, but exhibiting homologous function in vivo, in either the healthy 
or the diseased organism, e.g. coding the same or highly similar proteins with similar cellular 
functions. 

"Functionally inserted" or "operationally inserted" denotes that a sequence has been inserted 
in a host genome in such orientation, location and with such promoters, where applicable, that 
the correct expression of said sequence occurs. 



"Modulation" as used in this context means either an increase (stimulation) or a decrease 
(inhibition) in the expression of a gene. In the context of the present invention, increase is the 
preferred form of modulation of gene expression and mRNA is a preferred target 

The selection of developmental stage specific expressed genes was used to identify promoters 
5 that direct gene expression to specific cells within the xylem forming tissue. When cloned and 
analysed, these promoters are shown to be tissue specific. Being in possession of these 
promoters, it becomes possible to drive the expression of any gene of interest in specific 
stages of xylem development and effect the production and properties of the xylem (wood). 
The methods to alter expression include ectopic and over-expression of the gene of interest, 
10 antisense regulation, RNA interference, gene silencing, the use of ribo2ymes etc. 

Libraries were created from regions within the xylem forming tissue, representing the areas of 
cell division (A), cell expansion (ABC); secondary cell wall formation (CDE); cell apoptosis 
(E). See Fig. 2. 

Tissue samples were prepared by taking tangential sections from the cambial region of the 
1 5 stem. Transverse hand-sections were collected in parallel to allow later identification of the 
exact location and tissue content of each sample. The individual sections measured 30um x 
2mm x 20mm corresponding to a fresh weight of approximately 0.5mg. Sections were pooled 
together into different developmental zones as indicated in figure 2. The selection of different 
zones was based on the radial diameter and anatomical features of the cells. Within these 
zones, the gene profiles showed a very high degree of tissue specificity. 

The present invention discloses gene promoters and their use, said promoters identified via 
the characterisation of cDNA microarray analysis, selected from a high number of sequences, 
found in undifferentiated meristematic cells in the cambium through to matured xylem 
elements ending in cells entering programmed cell death or apoptosis. 

The present invention makes available isolated nucleic acid sequences comprising a promoter 
sequence specifically expressed in the xylem forming tissue in a plant, wherein said sequence 
is chosen among: SEQ ID NOs 1 through 5; or sequences being functionally homologous to 
SEQ ID NOs 1 through 5; or sequences showing at least 90% homology to SEQ ID NOs 1 
through 5. 

The above definitions do not exclude each other, but may act together. For example a 
sequence exhibiting lower homology, e.g. 80 % homology or 70 % homology, but being 
functionally equivalent to these sequences, is included in this definition. The invention also 
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encompasses sequences capable of hybridising under stringent conditions to at least one of 
these sequences. 

One aspect of the invention is nucleic acid sequences as defined above, wherein the promoter 
sequence is expressed in a higher plant Preferably said plant is a woody dicotyledon. 
Examples of plants include but are not limited to poplar, aspen, birch, spruce, pine, 
eucalyptus, rubber tree etc. The promoter could be used in other plants like wheat, maize, 
potatoes, oil seed rape etc in order to drive the expression of genes during vascular 
development 

The present invention makes available transgenic plants exhibiting modified properties when 
compared to the wild-type of said plant e.g. modified wood formation properties, modified 
apoptosis properties, altered rooting properties, altered flowering or leaf pattern etc in 
comparison to the wad-type of said plant wherein at least one of the above sequences is 
functionally inserted into said transgenic plant. 

The transgenic plant is preferably a woody plant, most preferably a dicotyledon. Examples of 
plants include but are not limited to poplar, aspen, birch, spruce, pine, eucalyptus, rubber tree 
etc. The promoter could also be used in other plants like wheat, maize, potatoes, oil seed rape 
etc. 

The present invention also makes available a method for expressing specific genes in a 
specific zone of the plant preferably the xylem of a plant, wherein at least one of the above 
sequences is used, functionally inserted into the plant Consequently, the present invention 
makes it possible to regulate the xylem forming tissue development process in a plant, and in 
particular woody plants, wherein a promoter as defined above is used. 

The invention also encompasses propagating material, such as seeds of a transgenic plant, as 
well as seedlings thereof. 

An intermediate, also encompassed by the invention, is a nucleic acid construct comprising a 
sequence as defined above. Such construct preferably comprises a vector chosen among a 
plasmid, a cosmid, a virus or a bacteriophage. 

The present invention also includes a method for the production of a transgenic plant 
exhibiting modified wood formation and/ or apoptosis properties compared to the wild type of 
said plant, wherein a promoter as defined above is functionally inserted in the plant 



10 



25 



30 



Those skilled in the art are well able to construct vectors and design protocols for recombinant 
gene expression. 

Suitable vectors can be chosen or constructed, containing appropriate regulatory sequences, 
including promoter sequences, translational leader sequences, terminator fragments, 
polyadenylation sequences, enhancer sequences, effecter genes, marker genes and other 
sequences as appropriate. For further details see, for example, Molecular Cloning: a 
Laboratory Manual: 2 nd edition, Sambrook et at. 1989, Cold Spring Harbor Laboratory Press. 
Many known techniques and protocols for manipulation of nucleic acids, for example in 
preparation of nucleic acid constructs, mutagenesis, sequencing, introduction of DNA into 
cells and gene expression, and analysis of proteins, are described in detail in Current 
Protocols in Molecular Biology, 2 nd edition, Ausabel et al eds., John Wiley & Sons, 1992. 
Selectable genetic markers may be used consisting of chimaeric genes that confer selectable 
phenotypes such as resistance to antibiotics. Such selectable markers can include kanamycin, 
hygromycin, phosphoinotricin, chlorsulfron, methotrexate, gentamycin, spectinomycin, 
1 5 imidazolinones, d-aminoacids and glyphosate. 

Nucleic acid molecules and vectors according to the present invention may be provided 
isolated and/or purified from their natural environment, in substantially pure or homogeneous 
form, or free of nucleic acid or genes of the species of interest or origin other than the 
sequence encoding promoter with the required function. Nucleic acid according to the present 
invention may include genomic DNA and may be wholly or partially synthetic. The term 
"isolate" encompasses all these possibilities. 

Plants transformed with these DNA segments containing at least one of the sequences SEQ ID 
NO 1-5 may be produced by standard techniques which are already known for the genetic 
manipulation of plants. DNA can be transformed into plant cells using any suitable 
technology, such as a disarmed Ti-plasmid vector carried by Agrobacterium exploiting its 
natural gene transfer ability, particle or microprojectile bombardment, microinjection, 
electroporation, other forms of direct DNA uptake, liposome mediated DNA uptake. Physical 
methods for transformation of plant cells are reviewed in Oard, 1991, Biotech. Adv. 9: 1-11. 
Following transformation, a plant may be regenerated, e.g. from single cells, callus tissue, leaf 
discs, as is standard in the art. Almost any plant can be entirely regenerated from cells, tissues 
and organs of the plant. Available techniques are reviewed in Vasil etal, Cell Culture and 
Somatic Cell Genetics of Plants, Vol I, n, and m, Laboratory Procedures and Their 
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Apphcations, Academic Press, 1914. and Weissbach, Mefirods for War.. Molecular Biology 
Academic Press, ,989. Clapham e, al 2000, Gene Transfer by parade bombardmen, and ' 
Embryonic cultures ofPicca abies and the production of transgenic plenties. Scandinavian 
Journal of Forest research IS. 151-160. 

5 The particular choice of a transformation technology will be determined by its efficiency to 
transform certain plant species as well as the experience and preference of the person 
practicing the invention whh a particular methodology of choice. I, will be apparent to tire 
skdled person mat the particular choice of a transformation system to mtmduce nucleic acid 
mto the plan, cells is no, essentia, to or a limitation of the invention, nor is tite choice of 

.echmqueforplammgeneration.ormetech^orrechosenformehtomultiplioationofme 
transformed plants. 

EXAMPLES 

1. The experimental system 

Xylem development is a specialised form of plan, devetopmem ma, has been stodien in 
Severn, systems including Arabidopsis and Zinnia. However, for fc Wvo snrdiea tire Pop,ar 
^=m . superior because of me highly organised stiuctore of tire P op,ar stem afiowlg 
precse and a«urate sampling of specific tissues a. defined developmental steges 
Secondary xylem is highly organised, and me deve,opmen. of difie™, cel. fines are stiiotiy 

20 development steges fi™ me cambial ^ ^ . 

^sectiomng 30 pm sections, with a fiesh weigh, of about 0, mg. Tnis disslon Jm^ 
gtves samples btghly enriched fo, «lls a, specific steges of differentiation as shown in figL 
2. Ftve samp.es were collected to encompasa tire ontogeny of wood formation:^) 

25 rrr: ; B) cariy expansi<m - q ^ d) -* t — - 

25 and E) late stage of cell maturation. 

Like outer meristems, the main (unction of «he vascular cambium (Fig. 2, zone A) is cefi 
d^mn and settmg out ^ for ^ ^ ^ 

zir«T" ^ mMpho ,o8icauy ^ waa,s: d ~ W ^ - 

^ ** ° f ^ ^ * *» - to radial cefi 

-U system in tite wood of Angiospetm frees such as pophn mis consist of «wo major cefi 
^. vesse, elements ma, have a function in water .ranspor, and fibres tira, give mecLcal 
auppor, to tire stent. The ray Wtial5 ^ ^ „ fc „„ ^ 
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major function in lateral transport of carbohydrates supplied by the phloem sap and minerals 
suppned in the xylem sap. As the stem increases in diameter, more initials are required 
Fusxform initials are formed by pseudotransverse anticlinal divisions, which results in a 
shortenmg of the daughter cells. Therefore fusiform initials both divide and elongate in the 
> cambial meristem. 

In the cell expansion zone, cambial derivatives enlarge with different polarities depending on 
cell type (Fignre 2, zones B and C). Developing fibres expand radially and increase in length 
by tip growttt, vessels expand onIy . m ^ ^ ^ Vessc) expans . on k 

and much more extensive than fibre expansion, giving these cells their morphological 
characteristic, Vessel differentiation also progresses a, a much faster rate than tire 
development of fibres and rays, which are synchronised. Vessels have thereby formed 
secondary walls already in zone C and completed their mamration in zone E. During the 
stages of division and expansion (zones A. B and Q mere is a requirement for a continuous 
btosyntbesis of primary walls, which in poplar mainly consist of cellulose, hemicellulose and 
pectin Ftbre elements and ray cells in contact with vessels (contact rays) differentiate slightly 
fcster titan fibres and ray cells without contact to vessels (isolation rays). Therefore, zone C 
contams a nuxture of primary and primary + secondary walled cell types. 
As soon as call expansion is complete, the secondary wall is deposited in all xylem cells (zone 

°" ° f *" *— ° f «• of development is that the rendom 

organisation of cellulose microfibrils present in ft, primary wall now changes ,„ a highly 
orgatnsed helical smtctitre in the secondary cell waU. Ita ceUulose and henriceJZ 
fiamework of secondary walls is accumulating in several waU layers (SI, S2, S3) ma, can be 
re^gmsed fiom Ae degree of ceUulose miemfibri, orientation At the final *age of secondary 
unckenmg tite tnterspace within the ceUulose and hemiceUulose network is .igni^ 
starting from tite ceU comets and progressing inwards. During the fonnation of rite secmx, Jy 
waU, me xylem elements are also extensively sculptured to form the network of ptts and 
pores winch allow for vessel/vesse, and vessel/my contacts. Ms activity involves patterned 
degradation of tt e primary waU. A, tite end of the maturation process (zone E), fibres enter 
programmed ceU death, (vessels entets imo programmed cel. death earlier in zone C and D, 
In Contrast, ray cells continue to contribute to the Ugnification of the surrounding ceUs and 
remain abve m the sapwood for several years. 

2. Promoter cloning and Sequencing 
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6 PrcSe "' i,Ven, ° rS W -n™*- «- P^len. of identifying tissue ^fic geae 
P~s by perfuming tissue ^ ^ J > 

n^v I " * " **~*"*« Prides samples L 3. 

The present inventors cloned the 5-upsuean, sequences of 5 gene, in Hybrid aspen (Populus 

numbe f l 0n ° DNA miCr ° array anal y sis (Hertzberg et al 2001 PNAS). A 
incmaed. the EST had to have a BLASTY hit ; n *u*. a l- j 

tjc-t • , Xtatm * e ^ bld °Psisproteome indicating that the 

EST contacted the fiill open teading W (ORF) , aod ^ probaWy ^ £~ 

Oietfcbetget a» thatshow* a dear differentia, expression in ft. regions ofinteL and also 
bad an strong hybridization signal suggestine that th, nm , J • 

EST is strong. suggesting that the promoter dnvmg the expression of that 

The five genes I . V are represent by the EST's given in Table 1 below. In the table the 

promoter is predominantly active. 

Table 1. 




me expression pattern for the AI163548 ES T is based nB *ZZ ' : ■ ' 

/ A0 ?7pio. ,s , . , . • * based on expression pattern of AI162928 

(A027P19U) wmch » an EST originating from the same gene. 



25 The 



express™ pattern for these genes in different pans of the plan, were ana,yse<, with 
notthetn b.o, ana.ysis. This data shows fta, tbe genes LMX2 though LMX5 a., are 
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predominantly expressed in secondary xylem The LMP1 », ns u 

<; . ^rawai ceu differentiation and not in other nrocesseQ w w^ 

5 was a prerequisite for going further and cloning the 5' reffl w , Processes, wh,ch 

omng toe 5 «gions (promoters) of these genes 
Northern Mot analy sis, mat^t and m^thM: 

Total RNA W as prepared usingaCTAB based method (Plant Molecular hiology Reporter 

sel anal™, f , } ° f ^ A was Voiced by agarose 

geJ analysis. Equal amounts of RNA (ISurt from th» a <* S 

™, .4 £^i:r <x: t r Arad - ~ usa 

niMEDTA,40mMNaHPO4pH72 SHTO^f n twice for 1 5 min in 0.5 % BSA, , 
Promoter cloninp and plant transform^ 

we, conned Jl ^ Z^"" " ^ 8 —» 

was eloned into pOEM^y ™ " T """^ 

this to preyed p romottr w do ~ <* * B— o„ 

Mo« Ceil Bio!. 1 ,75 (,990« H 1 *** M&hods to Pta » 

1. 0 990)) produemg . pmaoter wg 



The promoter fragment was designed from 1 0-50bp upstream the start codon to as far 5' as 
possible, giving 5' sequences ranging from 1 093 to 1 807bp. These constructs were 
transformed into hybrid aspen clone T89 using agrobacterium and transgenic plants were 
generated (Nilsson O. et al Spatial pattern of cauliflower mosaic virus 25S promoter 
5 luciferase expression in transgenic hybrid aspen trees monitored by enzymatic assay and non- 
destructive imaging. Transgenic research 1. 209-220 (1992)). Following root initiation the 
plants were potted in 50% expanded clay (Leca lattklinker, size 2-6 mm) and 50% soil 
(Weibulls kronmull, YrkesPlantJord) and grown in green house with 1 8h light and 6h dark 
periods using Osram Powerstar HQI BT 400W lamps as supplementary light. 
10 GUS analysis 

To visualise the expression of the GUS reporter gene, tissue section and parts were stained in 
X-gluc essentially according to Nilsson et al (The Agrobacterium rhizogenes rolB and rolC 
promoters, Physiologia Plantarum 100: 456-462 (1997)) and to Regan et al (Accurate and 
high resolution in situ hybridization analysis of gene expression in secondary stem tissues, 
15 Plant J. 1 9, 363-369 (1 999)). Initial results on the promoter LMX5 show vascular associated 
expression (both in Arabidopsis and in hybrid aspen) and results for LMP1 showed an 
vascular associated expression in Arabidopsis and an root- and apical-meristem associated 
expression in hybrid aspen during plant regeneration. 

These results indicate that the cis acting elements necessary for xylem associated expression 
were included in these constructs, this is not obvious and is therefore a surprising result, when 
the localisation of these sequences could be both further upstream (5 ') and also 3 ' of the 
transcription start. 

Although the invention has been described with regard to its preferred embodiments, which 
constitute the best mode presently known to the inventors, it should be understood that 
various changes and modifications as would be obvious to one having the ordinary skill in this 
art may be made without departing from the scope of the invention which is set forth in the 
claims appended hereto. 



20 



25 



Claims 

1. An isolated nucleic acid sequence comprising a promoter sequence specifically 
expressed in the xylem forming tissue in a plant, characterized in that said sequence 
is chosen among: 

- SEQ ID NOs 1 through 5 

- sequences being functionally homologous to SEQ ID NOs 1 through 5 

- sequences showing at least 90% homology to SEQ ID NOs 1 through 5. 

2. The nucleic acid sequence according to claim 1, wherein said sequence is expressed in 
specific stages of xylem formation in a plant 

3. The nucleic acid sequence according to claim 1 or 2, wherein the promoter sequence is 
expressed in a plant. 

4. The nucleic acid sequence according to claim 1 or 2, wherein the promoter sequence is 
expressed in a woody plant. 

5. The nucleic acid sequence according to claim 1 or 2, wherein the promoter sequence is 
expressed in a woody plant, said woody plant being a dicotyledon. 

6. The nucleic acid sequence according to claim 1 or 2, wherein the promoter sequence is 
expressed in poplar. 

7. A transgenic plant exhibiting modified wood formation properties in comparison to 
the wild-type of said plant, characterized in that at least one of the sequences 
according to claim 1 or 2 is functionally inserted into said transgenic plant. 

8. A transgenic plant exhibiting modified apoptosis properties in comparison to the wild- 
type of said plant, characterized in that at least one of the sequences according to 
claim 1 or 2 is functionally inserted into said transgenic plant. 

9. A transgenic plant according to claim 7 or 8, wherein said transgenic plant is a woody 
plant 

10. A transgenic plant according to claim 7 or 8, wherein said transgenic plant is a poplar. 

1 1 . A method for expressing specific genes in the xylem of a plant characterised in that 
at least one of the sequences according to claim 1 or 2 is used. 
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12. A method for production of a transgenic plant, characterised in mat at least one of the 
promoters according to claim 1 is functionally inserted into the plant. 

13. Seeds of a transgenic plant according to any one of claims 7 through 10. 

14. Seedlings of a transgenic plant according to any one of claims 7 through 10. 

15. A nucleic acid construct comprising a sequence according to claim 1 and/ or 2. 

16. A nucleic acid construct according to claim 15, wherein the construct comprises a 
vector chosen among a plasmid, a cosmid, a virus or a bacteriophage. 

17. A nucleic acid sequence capable of hybridising under stringent conditions to at least 
one of the sequences according to claim 1 and or 2. 
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Abstract 

Tissue specific promoters (SEQ. ID. NO. 1 - 5) are disclosed, these being preferentially 
expressed in the xylem tissue of woody plants. These promoters are used e.g. to specifically 
regulate gene expression in xylem tissue and alter xylem properties in plants. Transgenic 
plants, exhibiting modified xylem properties can be produced using these promoters. 



LMX2 A014P10U - SEQ ID NO. 1 

>ATCCCTCCTATTAftATCC ATCTAATTGTATG(SAAAGGATGGATTTATAftAATTACATAGGTTTrCATTGATAAT 

ATTTCCAATATTTAAAATTA AATGGTCATCATCATTCGATTAATTCACAATATTTAGTCCTGTCTAATCATAGAA 

ATCTTGTCTCCGTAC ATGAAAGTTGATTAAAAATAAATAAGTTATTAATCTTATTAGTTAATTTGATGTATTGAT 

TCATGAGTTTAGTAGAT TTATCCATCAAATCTAATATGTATTTTTTTAGTTTTTGGTTCATTGATTTTTCTAATT 

GTTTTTTTATTTTACTATT TTTCAGTATTGrATTGTTTAAAAAATAAAATTTATAGTTTATTTTTTTTTTCTATA 

GAGCTATCACTATCTCART AAATATCTTTTTAGAGTTGGTGTTTGATTTTGTAAACATCAAATTTTATCATAAAA 

TTAAATAA AAATAA TTTATAAAAACAACAAAGTTTAAACCTATTGAAATCTATAACCCAAGTCACAAAGTTACCA 

AAACTTATTTAATTTGGTA TCATCTCAATAATAATTAAAAAATTATTGTTTTAATTTTTTTTTAAATCTATCATA 

TTTTAACTAATTATTTAAAT TATCTTtGAACTTATTAAATTAAATTrTTCATGCTTGTTAGAGAAAATATTCTAC 

TAATAAAT AACTTTTGTCATACTAAGTCATGAAAAATGTGATCTTTAATGATACAAGAACAGAAGTCCAAAAGCA 

GGGGGGGTAAAGAAAGGGAGAGGTTGCCT A TATATTTGCCTTACACTTACTCTACAAGGAACCTTTTGCACCTAA 

TGAGCGTAATAAATAGTATAG CAvGATAGCAATAGCACAATAGCTCAGAAATGATATAGCTTCTAACTAATATAG 
AAGACAACACGAGCCCAAGATGTTAGCCCTCCAACTTATGCCJ 
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LMX3 A044P26U - SEQ ID NO. 2 

>AAATTGCTTAATGGATAATATAATTAACTTAATTATTTCATATACACCGGTCACTTTCTAGTTTATGTAACTAC 

ATATTTTGAATTTTCAATTCTTTTCACTTTCTTTTGATGGAAAAGTTT TGAATTCATAATAATTGGATTGGACTT 

GTCTATTTTCTTTA GAGATT TA T C A ATTGTGTTTTATTTTTTAACATTTATTAAATTAAATGGACTAGGACTATA 

CATACCTTATCTATGATGTAT TTAGTATTGCGTTTCAAATAGGGGTTGAATAAATTTTGAATTTTATTTCTGTTT 

AAAATTATTTTTTTTATGTTTTC A AATCGTTTTGATGTGCTGATATCAAAAATAATTTTGAAAAAAATATATATT 

ATTTTGATGTATT TTTGAAT AAAAAATACTTTGAAAAACAACTGGTTATTACAGTCTCAAACACTCCTAGTAGTC 

TTAGGCATAGTTTA AAACT CAGTCCGACCTGGCGGGTCGACTTGGGACTGGAACCGGGCCGAGTTAAAGAAAAAA 

ATAaAAAAAG AAAAAACTTGGTGTGACCTGGTGACTCGGTTGACCCAGATGCAACCCATTGATTTTTGTTTTTTT 

TAAACTAAAATTACATTGTTTTGCTTTTTTAAAAAA A AAAATTGACCCGTCAAACCTGGTCAAAACCCGGAATCG 

AGGTCTTGGACCG GGACGGG TC T AAAAACTATGATCTTTGGTCAATATATTAAGACAACAAGGTCAAATTAAAGG 

GTAATCAAAGGAGAGT TTTT TTT T GGTTGGTTGGTTGGTTTTGGACCTAATCATACAATCATAAAATAATCATGG 

ATCAAAATGTAGGTAATTCAATCATGGTGTGTAAT A GATTTTTTATATGATCATGTGTCACCAGCTAGGTCTTTT 

TCCAAAATTCTA ACAAGAGGT TGGTATATGTAATAAAATTATCTTTAAACAGACACAACCCACACCCTCTATAAT 

TAATCTTAAC AACAAG TTAAT A TAAAACAATTTTTTTTTTTTGTCTAAATATATTTTGCTGAvGGGTAGCATrr.r 

ACCAACTATCTG GTGCA GATAGCAACTCAAGTCCTTCCCAATAAACACATTTTTCCATGATTCCTTTCACTTCAA 

GTGACAACTAAA CGAAGC AAAGCCTCGTGAAftTTA?AAAAAAAAAAAAAAGGGTTCCGj^ATAATCATAATGTGGC 

TTTTGAGTTTGCCAGTACCTGTCATCGACCrGTTAGCTT C AACCTCCGCAAAAA AACATACAGCTTCr,r.TAT flaa 
ACAACTCCTTGTTTATTAATTGTO^^^^^f^ 




Figure lb 



LMX4 A050P49U - SEQ ID NO. 3 

>ATCAGCGCATCAAflATT ATCTAAAAACATTAAAAGTATATTAATTTCAAGAAAAAAAATAAAAflaATTTAAAAA 
AAATTTACAAATAAATT TAAAATTCAAATACAAAACAGATTGATATAGAATTTACTATTAATTATACCTCTATAA 
GCAGAGACATAATATTCTC TTTTGAGAAACAAAATATTATTATAATTGATATTCCAACAAAAAAACAAATCAATC 
TCTTTATTTTAGAAAGTA AAATAACTTATAATTGTTCATAATTGTTTGTAGATGGACGTCATGTTTGTCGGGGGT 
AGACGCCCTCTTGGTTAA AATAAAATAAAAAAATAATTTTCTAATCTTATCCAAAATTTGTAACCTCTGyCAACT 
GAAATATAGTATTCTTAG AATTGATATTTTAAATGAAATCCAAATGCTTAGAATTTATTTTAGCCATGTTGATGA 
GAAAGTCAAGCACCCCATTAAATAAAATAAAATAAAATAAAAAATTACAAGGTAATTATGCACCTAGAAATTTTT 
ATTTTTTTAATATAATAAT ACCCCTTTCTGACTGGAAAAGGCTGCGAGGTTGTCATTCACACAACAAATATCAGC 
TATTTCAGGATCCATCGC AGTACTCGGAATCTTCACATTTAGCAAAATCAGAGCAGCGTATGCCCTGTTTTTTTC 
ACCTTTTT ATCGCACTAATCCTAGAGACGAACAGTGTTTATTGTTTTTCTCTTAATATTTGACCTTTTCACTTAT 
TyGAAAAGTCAAATGTTA ATTTCCACCGAGCTTTATCCTGTAAATAGCGTGTTTAATGCCAGCTGTAAATAAGAT 
AGATGATCGATTTTGTATTT ACATTCTCTTATCTTAGACGGAAAGTTATTAAAAAAATAAAATAAAATAGAAACC 
TACCTAAGATGTGAACTCTT GGCGTCTCTAGCTGTTTCTGTCTCTAGAACAACCTCTACGAGTATAGCCGAAGCA 
TATCCTAGCAAGCTTGAAC CATATCTACTACCTCCCTCCCCGCTATATATATATAAACCACTCTTCTTCCTAGAA 

1111111 (The predicted start codon lies 102bp upstream. ) 



Figure lc 
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LMX5 A05SP19U - SEQ ID NO. 4 

>TACTATAGGGCACGC6TGGTCGACGGCCCGGGCTGGTACTCGTCTTCGTGCACCA AGAT6CAAAAGCTGGAAT fi 

ATTTTATGAAAGTGCCCGTTCTCCTTAflflATTflrCTGTGAATGAATraTr'r'r'T Q'r(;^gg ( g T ^ RT pp r p^^^^ M1 ^ 
TTTCCCCATGrTGTTCGGAAGATATAATTATATAAATGATGGAATTTapaT GAAATAAGTTTranTar'aq'T'O'n'TiTt 

^^CAA^CTCG^CgCTA 

^nmns^^ ^^^^^^^ ^^ 




3TGAGTCCCTTTCTCTCAGTACACGTTACTGATCAAGATTAG 
TACTTGATTTACTAATCAGGTTTCTGTTTAAATATATAATl 
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LMP1 A001P79U - SEQ ID NO. 5 



>CCTATGGAGTGGTCTACTG 



TTCTATATGCAGGGCCACAAGG. 



CTTGGAATCACCTATCATGCTACTCACTGGTCAC 



ATCTGGAAAAAATGGAAAACTTCATAAATCTAG 



TGTCATTGCATCAGGATCTCATGACAAGGAAA' 



TAGAGTGCTGTATGTACTATGAAG 



ATGAGAGGGCACAAGAATGCAGTTTTGGA' 



TTTTCTATGGTAAATTCATGGGGAATG: 



TTCAATCCAGATGGAAA 



CAAAAACTTCATGGTT 

— -===ss=s= 

TGTCAGTTTCTCTGATGCA 
GCAAGGGTGAAGTGACCGT 



GGGATATGCGCCCAAAGGGTGCCATCCAAACA 



TCAAGATAAGATATTCACAGGTG 



.TTTCCAGATAAATAAAATCACAGC 
YTGTAGACAATGATATTAAGGCAAGGGACATCO 



^^^^^^^^^^^^ 
ir^TT^I^— g^ BaBssyT6ICTmxrj assise, xa 



ATG 

^CTATGTTAc:ATTT'Pnr. TT 



" SaSTTCTTTTSMCTariTC 



ggAT^GTTgGCTgGATTATGAAC 

^^^^^^^^^^^^^^^^^^ 
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